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Abstract
7KH ORVV HQHUJ\ GHQVLW\ $& ORVV LQ F\OLQGULFDO VXSHUFRQGXFWRU ZLWK ULSSOH FXUUHQW EDVHG RQ ,ULH<DPDIXML PRGHO LQ
ZKLFK WKH PDJQHWLF ILHO GHSHQGHQFH RI FULWLFDO FXUUHQW GHQVLW\ LV WDNHQ LQWR DFFRXQW LV WKHRUHWLFDOO\ FDOFXODWHG IRU
GHVLJQ RI '& WUDQVPLVVLRQ FDEOH V\VWHP ,W LV FRQILUPH WKDW WKH $& ORVV GRHV QRW FKDQJHG IRU WKH FDVHV ZLWK DQG
ZLWKRXW '& FXUUHQW ZKHQ WKH FULWLFDO FXUUHQW GRHV QRW GHSHQG RQ PDJQHWLF ILHO ZKLFK LV FRUUHVSRQGLQJ WR %HDQ/RQGRQ
PRGHO 2Q WKH FRQWUDU\ LW LV IRXQG WKDW WKHUH LV FXUUHQW UHJLRQ ZKHUH WKH $& ORVV EHFRPHV VPDOOHU WKDQ WKDW IRU WKH FDVH
ZLWKRXW '& FXUUHQW 7KH $& ORVV RI ULSSOH FXUUHQW LV VHHPV WR EH HQRXJK VPDOO LQ OD\HUHG VWUXFWXUH RI '& WUDQVPLVVLRQ
FDEOH PDGH E\ WKLQ WDSH VXSHUFRQGXFWRU
F©  3XEOLVKHG E\ (OVHYLHU /WG 6HOHFWLRQ DQG/RU SHHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI ,66 3URJUDP &RPPLWWHH
Keywords:
'& WUDQVPLVVLRQ FDEOH $& ORVV ULSSOH FXUUHQW ,ULH<DPDIXML PRGHO FXSUDWH KLJK WHPSHUDWXUH VXSHUFRQGXFWRU
1. Introduction
'& WUDQVPLVVLRQ FDEOH E\ FXSUDWH KLJK WHPSHUDWXUH VXSHUFRQGXFWRU KDV EHHQ GHYHORSHG VLQFH LWV $&
ORVV LV FRQVLGHUDEO\ VPDOOHU WKDQ WKDW LQ $& WUDQVPLVVLRQ FDEOH DQG LW LV FRQVLGHUHG WR EH VXLWDEOH IRU ORQJ
GLVWDQFH HQHUJ\ WUDQVPLVVLRQ> @ 7KH VL]H RI WKH '& WUDQVPLVVLRQ FDEOH EHFRPHV VPDOOHU WKDQ  SKDVHV
$& WUDQVPLVVLRQ FDEOH UHVXOWLQJ LQ ORZ FRVW RI LQVWDOODWLRQ
+RZHYHU WKH H[LVWLQJ FRQYHQWLRQDO WUDQVPLVVLRQ V\VWHP LV EDVHG RQ $& LW LV QHFHVVDU\ WR FRQYHUW FXUUHQW
IURP $& WR '& DQG YLFH YHUVD ZLWK YHU\ ODUJH LQGXFWDQFH IRU LQVWDOOLQJ '& WUDQVPLVVLRQ FDEOH ,Q WKLV FDVH
$& LV FRQYHUWHG WR '& DQG VXSHUSRVHG $& ULSSOH FXUUHQW DQG WKH HQHUJ\ ORVV GHQVLW\ E\ ULSSOH FXUUHQW LV
JHQHUDWHG 7KHUHIRUH LW LV GHVLUHG WR HVWLPDWH WKH HQHUJ\ ORVV GHQVLW\ $& ORVV IRU WKH FDVH RI '& FXUUHQW
DQG VXSHUSRVHG $& FXUUHQW IRU GHVLJQ RI '& WUDQVPLVVLRQ FDEOH V\VWHP ,I WKH $& ORVV RI ULSSOH FXUUHQW LV
HQRXJK VPDOO WKH VL]H RI LQGXFWDQFH IRU FRQYHUVLRQ FDQ EH GHFUHDVHG UHVXOWLQJ LQ ORZ FRVW RI LQVWDOODWLRQ
,Q WKLV VWXG\ WKH $& ORVV RI ULSSOH FXUUHQW IRU F\OLQGULFDO VXSHUFRQGXFWRU LV WKHRUHWLFDOO\ HVWLPDWHG EDVHG
RQ ,ULH<DPDIXML PRGHO LQ ZKLFK WKH PDJQHWLF ILHO GHSHQGHQFH RI WKH FULWLFDO FXUUHQW GHQVLW\ LV WDNHQ LQWR
∗&RUUHVSRQGLQJ DXWKRU 7HO +±±± )D[ +±±±
(PDLO DGGUHVV RWDEH#FVHN\XWHFKDFMS
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DFFRXQW >@ 'LVFXVVLRQ LV JLYHQ IRU WKH ULSSOH FXUUHQW DPSOLWXGH GHSHQGHQFH RI WKH $& ORVV IRU WKH FDVHV
ZLWK DQG ZLWKRXW '& FXUUHQW
2. Theory
,W LV ZHOO NQRZQ WKDW WKH $& ORVV IRU F\OLQGULFDO VXSHUFRQGXFWRU ZDV GHULYHG E\ +DQFR[ EDVHG RQ %HDQ
/RQGRQ PRGHO LQ ZKLFK WKH FULWLFDO FXUUHQW GHQVLW\ LV FRQVWDQW IRU PDJQHWLF ILHO >@ 1RUULV UHYHDOHG WKDW WKH
+DQFR[ HTXDWLRQ LV WKH VDPH WR WKH UHVXOW IRU VXSHUFRQGXFWLQJ ZLUH ZLWK VDPH DUHD RI HOOLSWLF FURVV VHFWLRQ
>@ 2Q WKH RWKHU KDQG ,ULH<DPDIXML PRGHO KDV EHHQ ZLGHO\ XVHG IRU WKH PDJQHWLF ILHO GHSHQGHQFH RI WKH
FULWLFDO FXUUHQW GHQVLW\ DV
JF = αFBγ−, 
ZKHUH αF DQG γ DUH SLQLQJ SDUDPHWHUV >@
+HUH LW LV DVVXPHG WKDW $& FXUUHQW It = IP FRVωt LV DSSOLHG WR D VWUDLJKW F\OLQGULFDO VXSHUFRQGXFWRU RI
UDGLXV R ZLWKRXW H[WHUQDO PDJQHWLF ILHOG
7KH FULWLFDO FXUUHQW IF RI WKH VXSHUFRQGXFWRU LV JLYHQ E\
IF = π
(
 − γ
 − γαFμ
γ−
 R
−γ
)/−γ
. 
7KH VHOI PDJQHWLF ILHO DW WKH VXUIDFH RI WKH VXSHUFRQGXFWRU LV JLYHQ E\
H,3 =
IF
πR
. 
7KH $& ORVV ZLWKRXW '& FXUUHQW SDU F\FOH DQG SHU XQLW OHQJWK QDF >-/P/F\FOH@ EDVHG RQ ,ULH<DPDIXML PRGHO
LV JLYHQ E\
QDF = Q
∫ hP
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ZKHUH
Q =
μIF
π
, 
x =
(
 − h−γ,
) 
−γ , x =
(
 − 

(
h−γP − h−γ,
)) −γ
, x =
(
 − 

(
h−γP + h−γ,
)) −γ

DUH EUDNLQJ SRLQWV LQ WKH VXSHUFRQGXFWRU DQG
hP =
HP
H,3
, h, =
H,
H,3
. 
,Q WKH DERYH HP DQG H, DUH WKH PD[LPXP PDJQHWLF ILHO DW PD[LPXP FXUUHQW IP DQG PDJQHWLF ILHO DW
FXUUHQW I DW WKH VXUIDFH UHVSHFWLYHO\ >@
+HUH WKH ULSSOH ORVV SDU F\FOH DQG SHU XQLW OHQJWK QULSSOH >-/P/F\FOH@ LV HVWLPDWHG EDVHG RQ ,ULH<DPDIXML
PRGHO IRU '& FXUUHQW DPSOLWXGH I'& DQG VXSHUSRVHG ULSSOH FXUUHQW DPSOLWXGH IP 7KH UHVXOWV DUH JLYHQ E\
QULSSOH = Q
∫ hX
hG
Gh,
⎡⎢⎢⎢⎢⎢⎣
∫ 
x
−h
−γ
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x
(
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x
(
h−γ, −  + x−γ
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−γ Gx
⎤⎥⎥⎥⎥⎥⎦ 
IRU WKH FDVH RI IP < I'& ZKHUH
x =
(
 − 

(
h−γX − h−γ,
)) −γ
, x′ =
(
 − 

(
h−γ, − h−γG
)) −γ
, 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DQG
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IRU WKH FDVH RI IP > I'& ZKHUH
i'& =
I'&
IF
, iP =
IP
IF
, 
hX = i'& + iP, hG = |i'& − iP| . 
,Q WKH DERYH x x x x′ DQG x
′
 DUH EUHDNLQJ SRLQWV DQG JLYHQ E\
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(
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7KHVH HTXDWLRQV (TV  DQG  DUH FRLQFLGHQW ZLWK (T  IRU WKH FDVH RI i'& = 
3. Results and discussion
)LJ  VKRZV WKH DF ORVV SDU F\FOH DQG SHU XQLW OHQJWK DV D IXQFWLRQ RI QRUPDOL]HG PD[LPXP ULSSOH
FXUUHQW DPSOLWXGH iP IRU YDULRXV YDOXHV RI γ IRU WKH FDVH RI i'& = . 7KH FKDLQHG OLQHV UHSUHVHQWV WKH
UHVXOWV IRU WKH FDVH RI i'& =  LH QDF 7KH YDOXH RI QULSSOH LQFUHDVHV ZLWK LQFUHDVLQJ iP E\ WKH SRZHU RI  WR
 GHSHQGHG RQ γ )RU WKH FDVH RI γ =  ZKLFK LV FRUUHVSRQGLQJ WR %HDQ/RQGRQ PRGHO WKH UHVXOWV RI ERWK
FDVHV i'& =  DQG i'& = . DUH WKH VDPH VLQFH WKH PDJQHWLF ILHO GHSHQGHQFH RI JF LV LJQRUHG
2Q WKH RWKHU KDQG LW LV IRXQG WKDW ERWK UHVXOWV RI ZLWK DQG ZLWKRXW '& FXUUHQW DUH GLﬀHUHQW ZKHQ γ LV
QRW XQLW\ 7KH GLﬀHUHQFH EHWZHHQ QDF DQG QULSSOH EHFRPHV ODUJH ZLWK GHFUHDVLQJ γ ZKHQ WKH PDJQHW ILHO
GHSHQGHQFH RI JF LV ODUJH +HQFH WKH PDJQHWLF ILHO GHSHQGHQFH RI JF ODUJHO\ DﬀHFWV QULSSOH 7KH $& ULSSOH
ORVV QULSSOH IRU i'& = . LV ODUJHU WKDQ WKH SXUH $& ORVV QDF IRU i'& =  DW iP < i'& 7KLV LV GXH WR WKH
ODUJH SHQHWUDWLRQ ILHO UHVXOWLQJ LQ ODUJH PRYHPHQW RI PDJQHWLF ILHO E\ VPDOO JF LQ WKH PDJQHWLF ILHO E\ '&
FXUUHQW +RZHYHU RSSRVLWH UHVXOW WKDW WKH $& ULSSOH ORVV QULSSOH IRU i'& = . LV VPDOOHU WKDQ WKH SXUH $&
ORVV QDF IRU i'& =  LV REWDLQHG DW iP > i'& VLQFH iP LV ODUJHU WKDQ i'& DQG ODUJH JF DW ]HUR PDJQHWLF ILHO LV
REWDLQHG DW WKH VXUIDFH RI WKH F\OLQGULFDO VXSHUFRQGXFWRU
)LJ  VKRZV QULSSOH DQG QDF ZLWK YDULRXV YDOXH RI i'& 7KH UHVXOWV RI 1RUULV HOOLSVH DQG VWULS DUH DOVR
SORWWHG IRU FRPSDULVRQ ,W LV DOVR IRXQG WKDW WKH FURVVLQJ SRLQW RI QULSSOH DQG QDF LV REWDLQHG DW iP  i'& 7KH
GLﬀHUHQFH EHWZHHQ QULSSOH DQG QDF EHFRPHV VDWXUDWHG DW ORZ YDOXHV RI iP
,Q SUDFWLFDO '& WUDQVPLVVLRQ FDEOH LW LV FRQVLGHUHG WKDW WKH FURVV VHFWLRQ RI FDEOH LV OD\HUHG VWUXFWXUH
PDGH E\ WKLQ VXSHUFRQGXFWLQJ WDSHV DQG LW LV QRW ZKROH F\OLQGULFDO VXSHUFRQGXFWRU ,Q WKLV FDVH WKH WKH
RUHWLFDO UHVXOW FDQ EH REWDLQHG E\ WKH FDVH WKDW WKH FXUUHQW LV OLPLWHG DW WKH VXUIDFH DUHD RI WKH F\OLQGULFDO
VXSHUFRQGXFWRU 7KHUHIRUH IF LV ODUJH DQG FRUUHVSRQGLQJ i'& DQG iP DUH TXLWH VPDOOHU WKDQ IF ,Q DGGLWLRQ
i'&  iP LV VDWLVILH LQ WKH SUDFWLFDO FDVH 7KHUHIRUH QULSSOH LV VHYHUDO WR WHQ WLPHV ODUJHU WKDQ QDF DW ORZ iP
ZKHQ γ LV QRW XQLW\ +RZHYHU WKH YDOXH RI QULSSOH LV TXLWH VPDOOHU WKDQ Q DV VKRZQ LQ )LJ  ,Q VDPPU\
QULSSOH/Q EHFRPHV YHU\ VPDOO LQ SUDFWLFDO '& WUDQVPLVVLRQ FDEOH VLQFH IF LV YHU\ ODUJH DQG WKH FRUUHVSRQG
LQJ iP DQG i'& EHFRPH YHU\ VPDOO
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)LJ  $& ULSSOH FXUUHQW DPSOLWXGH GHSHQGHQFH RI UHGXFHG $&
ORVV RI ULSSOH FXUUHQW ZLWK YDULRXV i'& IRU γ = .
4. Conclusions
,Q SUHVHQW VWXG\ WKH $& ORVV RI ULSSOH FXUUHQW RI F\OLQGULFDO VXSHUFRQGXFWRU LV WKHRUHWLFDOO\ LQYHVWL
JDWHG VLQFH $& ULSSOH FXUUHQW LV UHPDLQHG LQ VXSHUFRQGXFWLQJ '& WUDQVPLVVLRQ FDEOH V\VWHP IRU $&'&
FRQYHUVLRQ ,W LV SUHGLFWHG WKDW WKH $& ORVVHV ZLWK DQG ZLWKRXW '& DUH WKH VDPH ZKHQ WKH PDJQHWLF ILHO
GHSHQGHQFH RI JF LV LJQRUHG EDVHG RQ %HDQ/RQGRQ PRGHO 2Q WKH RWKHU KDQG WKH $& ORVV RI ULSSOH FXUUHQW
LV ODUJHU WKDQ SXUH $& ORVV DW ORZ ULSSOH FXUUHQW iP < i'& DQG WKH UHVXOW LV RSSRVLWH IRU WKH FDVH RI iP > i'&
EDVHG RQ ,ULH<DPDIXML PRGHO LQ ZKLFK WKH PDJQHWLF ILHO GHSHQGHQFH RI JF LV WDNHQ LQWR DFFRXQW ,Q SUDF
WLFDO FDVH RI '& WUDQVPLVVLRQ FDEOH VLQFH iP < i'& LV VDWLVILHG WKH ULSSOH ORVV LV ODUJHU WKDQ SXUH $& ORVV
+RZHYHU FRUUHVSRQGLQJ IP/IF LV YHU\ VPDOO LQ OD\HUHG VWUXFWXUH RI '& WUDQVPLVVLRQ FDEOH PDGH E\ WKLQ WDSH
VXSHUFRQGXFWRU 7KHUHIRUH WKH YDOXH RI QULSSOH LV TXLWH VPDOOHU WKDQ Q ZKLFK LV WKH $& ORVV DW IP = IF
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